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AFTER PUBERTY*
WILLIAM WALTER GREULICH AND HERBERT THOMS
In 1937, as a part of the research program of the Adolescence
Study Unit of the Yale University School of Medicine, we under-
took a study of the changes in the size and shape of the bony pelvis
of girls during puberty and early adolescence. When that study
was begun, the senior author was a member of Dr. Edgar Allen's
staff in the Department of Anatomy and the program was planned
in consultation with him. We are happy to contribute to Dr. Allen's
memorial number of the YALE JOURNAL OF BIOLOGY AND MEDICINE
this report of an investigation which owes so much to his counsel
and guidance.
Through the generous cooperation of the officials of a New
Haven orphanage, we were able to recruit for this study 107 girls,
who ranged in age from 5 years to 15 years and 2 months at the
time the investigation was started. They were examined at intervals
of approximately one year; the majority of the girls received four
successive annual examinations and the remainder, five. In addi-
tion, ten of them were re-examined six years after their first exami-
nation. As is usually the case in longitudinal studies of human
growth and development, some children were lost, for one reason
or another, during the course of the study. Only 90 of the original
number were available at the time of the fourth examination.
At each examination the girls were weighed, measured, and cer-
tain observations regarding the status of their various secondary
sexual characters were recorded. In addition, an x-ray film was
made of the hand and wrist, in order to determine their skeletal age,
and antero-posterior and lateral films of the pelvis were made
according to the technic of Thoms' and of Thoms and Wilson.7
* From the Department of Anatomy, Stanford University School of Medicine,
and the Department of Obstetrics and Gynecology, Yale University School of
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Findings
The superior pelvic aperture of the prepuberal girl
By a "prepuberal" girl we mean a girl during the 3- or 4-year
period immediately preceding the menarche, the first menstruation.
It should be understood, therefore, that we are not referring to the
girl during either infancy or the years of childhood preceding the
prepuberal period as here defined.
The pelvis of the prepuberal girl was found to be typically doli-
chopellic, that is, it is somewhat elongated antero-posteriorly and
has a pelvic index greater than 95.* In addition to being dolicho-
pellic the pelvis of the prepuberal girl is characterized by what we
have termed the "acetabular constriction" of the pelvic canal, an
inward projection of the wall of the pelvis in the region of the
acetabula. The acetabular constriction is such as might result from
medially directed pressure transmitted through the heads of the
femora to the yielding cartilaginous junction of the pelvic bones
during early childhood.
The acetabular constriction was present not only in the pelves
of all the prepuberal girls whom we studied, but it was discernible
also in the small series of pelvic films of boys of a corresponding
degree of physical maturity. It may be stated here, parenthetically,
that we were unable to find any constant sexual difference in the
shape of the superior pelvic aperture between prepuberal boys and
prepuberal girls. While the number of boys whom we studied was
too small to justify any generalization, we got the impression that
the maximum transverse diameter of the pelvis of the boys tended
to be somewhat nearer the sacrum than is the case in girls. In other
words, the posterior sagittal diameter of the pelvis of those pre-
puberal boys was somewhat smaller than the corresponding dimen-
sion in girls.
All of the prepuberal girls in our series, however, were not
dolichopellic; two were mesatipellic and one was platypellic. From
the health histories available to us, we were unable to determine
whether the relative flattening of the pelves in these cases was the
* The pelvic index is the antero-posterior diameter of the inlet times 100
divided by the maximum transverse diameter. According to the Turner classifica-
tion, those pelves with an index greater than 95 are designated as dolichopellic;
those with an index of from 90 to 90.4 are mesatipellic; and those whose index is
less than 90 are platypellic.
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result of early rickets or of some other deficiency or disease, or
merely an expression of the genetic make-up of the individual.
In several of the prepuberal girls the pelvic inlet was definitely
asymmetrical. In observing those girls over a period of years, it
was found that the asymmetry tended to persist and that it did not
correct itself during the puberal remolding of the pelvis, which will
be described in the next section.
Thepelvis of thepuberal girl
By a "puberal" girl we mean a girl whose breasts are in an early
stage of development, who has some pubic, and possibly some axil-
lary hair, and who either has recently had, or soon will have, her
first menstrual period.
The pelvis of the prepuberal girl grows slowly and symmetric-
ally up to the time of puberty, but the growth of the pelvis during
puberty is more rapid and effects an actual remolding of the superior
pelvic aperture and of the pelvic canal. The first indication of this
asymmetrical growth is the tendency of the pelvis to increase more
rapidly in width than in ilts antero-posterior dimension. Accom-
panying this disproportionate growth, there is a beginning widening
and rounding of the forepart of the pelvis and the beginning obliter-
ation of the acetabular -constriction. That portion of the pelvic
canal which is immediately medial to the acetabula appears to push
outward, with the result that the constriction in that region which
characterizes the pelvis of the prepuberal girl becomes gradually
obliterated.
The time required for the completion of this puberal remolding
of the pelvis varies somewhat in different children. In general, it
tends to begin earlier and to be completed more rapidly in those
girls in whom the prepuberal spurt of growth and the other bodily
changes associated with puberty occur early and proceed at a rela-
tively rapid rate. In girls maturing relatively late the process is
more protracted and, consequently, the amount of change observable
in successive annual pelvic films is somewhat less than in those girls
in whom the puberal changes proceed at a more rapid rate.
Changes in the size and shape of the female pelvis after puberty
As mentioned previously, the girls on whom these observations
were made were residents of an orphanage. When they reached
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the age of 18 years, sometimes earlier, they left the institution and
took up residence in various parts of the state. Once they had left
the institution, it was not always easy to locate them and, when they
were found, it was even more difficult to induce them to come to
the hospital for another x-ray examination of their pelves. In ten
cases, however, we were able to obtain a final set of pelvic and other
films, about six years after the first set was made.
So far as we were able to determine, once the puberal remolding
of the pelvis is accomplished-and that requires usually about
eighteen months-there is very little further growth of the pelvic
inlet. The small amount of growth which does occur appears to
be quite symmetrical. We believe, therefore, that very little growth
and practically no further change in the shape of the superior pelvic
aperture occur after adolescence. This conclusion is consistent with
the observation that the various dimensions of the pelvic inlet which
the girls in our series had attained by the end of adolescence are,
on the average, no smaller than those of normal adult women having
the same racial and national antecedents and derived from compar-
able socio-economic groups.
The relation of these pelvic changes to other features of puberal
development in girls
The beginning development of the breast, as indicated by the
attainment of the "bud" stage as described by Stratz,5 in which each
mamma consists merely of a papilla and an areola which form
together a single conical protuberance, occurred without exception in
our series before the remolding of the pelvis began. A slight to
moderate amount of pubic hair was always present and, in some
cases, a small amount of axillary hair as well, before any of those
pelvic changes began. The menarche usually occurred soon after
the remolding of the pelvis had begun; in no case in our series was
it delayed until the pelvic remolding had been completed.
Simmons and Greulich's observations4 of the girls enrolled in
the Brush Foundation study of growth and development disclosed
that there is a rather close relationship between the time of occur-
rence of the menarche and the attainment of a definite degree of
skeletal development. In that group, the menarche usually occurred
shortly before the epiphyses of the distal phalanges of the hand
began to fuse with their shafts. In the present study the fusion of
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the epiphyses of the distal phalanges occurred when the remolding
of the pelvis was well under way and, as in the Brush Foundation
series, soon after the occurrence of the first menstruation.
Discussion
The rapid change in size and shape of the superior pelvic aper-
ture at puberty as compared with its long period of slow, symmetrical
growth during early childhood suggests that it is-another expression
of the increased activity of the gonads and of the other endocrine
glands which produce the more familiar bodily changes associated
with that period of life. This conclusion seems reasonable, in view
of the fact that the time at which these pelvic changes occur bears
a close relationship to the time of occurrence of other features of
puberal development.
In those girls in whom the prepuberal spurt of growth in height
and the other external changes associated with puberty occurred
early, the pelvic changes also began early and, like the other puberal
changes, were completed in a comparatively short time. In those
girls, however, in whom these puberal changes were initiated rela-
tively late and in whom they proceeded more slowly, the pelvic
changes also began somewhat later and proceeded so slowly that
films made at successive annual examinations showed but little
change.
The assumption that the remolding of the pelvis has a hormonal
basis is consistent, too, with the observation that it tends to occur in
a rather definite order in a sequence of puberal changes which are
known to be hormonally controlled. As pointed out previously in
this paper, the beginning development of the breasts, and the begin-
ning growth ofpubic hair were found always to precede the initiation
of these pelvic changes; the first appearance of axillary hair either
preceded the beginning of the remolding of the pelvis or, like the
first menstruation, occurred soon after those pelvic changes had got
under way.
It is well known from experimental evidence and from observa-
tions on abnormal and on normal human beings that there is a very
close relationship between the developmental status of the skeletal
and the reproductive systems. In cases of precocious puberty the
skeletal status of the child is usually much advanced as compared
with that of other children of his sex and age, and epiphyseal fusion
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occurs abnormally early. In eunuchoidal individuals, on the con-
trary, skeletal development is retarded and epiphyseal fusion is so
long delayed that the limbs grow abnormally long and produce
characteristically eunuchoidal bodily proportions. The work of
Hisaw2' 3 and of Gardner' has conclusively shown that ovarian hor-
mones have a specific effect on the form of the bony pelvis in certain
rodents. Since those investigators were able to evoke feminizing
changes in the bony pelvis of castrated and even of normal male
rodents by the administration of estrogen, it seems probable that the
ovarian hormones are largely, if not entirely, responsible for the
normal sexual differences in the form of the adult bony pelvis in
those species. The evidence presented in this paper points clearly
to a similar hormonal,basis for the rapid growth and the remolding
of the superior pelyic aperture and of the birth canal which occur
in the human female during puberty and early adolescence.
Summary
In an attempt to study the changes in the size and shape of the
superior pelvic aperture of the female pelvis during puberty and
adolescence, 107 girls ranging in age from 5 years to 15 years and
2 months at the time -the study began were examined at approxi-
mately annual intervals over a period of four or five years. In
addition, 10 of the girls were re-examined six years after their
original examination. At each examination the girls were measured,
the degree of development of various secondary sexual characters
recorded, and antero-posterior and lateral x-ray films of the pelvis
and a postero-anterior film of the hand and wrist were made.
The pelves of the majority of prepuberal girls studied were
found to be long oval in shape and had a pelvic index greater than
95, i.e., they were dolichopellic, according to Turner's classification.
The pelvis of the prepuberal girl was also characterized by an
acetabular constriction, which is formed by an inward projection of
the pelvic walls into the pelvic canal medial to each acetabulum.
During the years just before puberty, the superior pelvic aper-
ture grew slowly and symmetrically. At puberty, the pelvis began
to widen more rapidly than it increased in its antero-posterior diam-
eter, the forepart widened andbecame more rounded, andthe acetab-
ular constriction began to disappear. These changes, which effect
96DEVELOPMENT OF THE FEMALE PELVIS 97
a virtual remolding of the superior pelvic aperture and the pelvic
canal, required about 18 months for their completion.
After the puberal remolding of the pelvis was completed, there
was very little further increase in size and practically no change in
shape in the pelves of those girls who were followed till early
adulthood.
The puberal remolding ofthe pelvis began after the "bud" stage
of breast development had been attained and after some pubic hair
had appeared. Axillary hair was not usually present until the pelvic
remolding had begun. The pelvic changes were always under way
before the occurrence of the menarche and the fusion oftheepiphyses
of the distal phalanges of the hand.
Their constant position in an orderly sequence of puberal changes
that are known to be hormonally determined suggests a similar
endocrine basis for the rapid growth and remolding of the pelvis
which occur during puberty.
The accompanying plates illustrate the various features of the prepuberal and
puberal development of the pelvis to which attention is called in the body of this paper.
Each plate consists of a series of photographs of antero-posterior x-ray films of the
pelvis made of the same girl, at intervals, over a period of yearzs.
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PLATE I
Case A. M. This series of films shows the characteristic appearanice of the superior p-elvic
aperture of the prepuberal girl. Note the "'acetathular constriction," the narrowing of the pelvic
canal in the region of the acetahula, and the change in size and shape of the pelvis between succes-
sive films.
In this girl, the leginininlg development of the breasts was first noted at the time the third fiim
was made. Her nieniarche had n1ot occurred six months after the final film was iiade.-eB0w2e
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PLATE II
Case A. D. The first three films show the slow, symmetrical growth characteristic of the
pelvis of the prepuberal girl. The fourth film shows some disproportional growth in the dorsal
half of the pelvis, an early stage in the puberal remolding of the pelvis.
Beginning breast development was first noted in this girl at the time the third film was made
and her menarche occurred eight months after the fourth film was made.
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PLATE III
Case R. M. The first film shows the typical immature pelvis of the prepuberal girl. In the
second film there are some indications of the beginning remolding of the pelvis, which becomes
more apparent as development proceeds. This process was well advanced when the fourth filmn
was made.
Breast development had begun wheni the third film was made and the first menstruation occurred
two months after the last film of the series was made.
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PLATE IV
Case E. B. The pelvis was still prepuberal when the first film was made. The second. third,
and fourth films show successive stages in the puberal remoldinig of the superior pelvic aperture
and the pelvic canal. Note especially the widening and rounding- of the forepart of the pelvis
and the gradual obliteration of the acetabular constrictionl.
This girl's breasts begani to develop between the time of the first anid secolid films anid the
menarche occuirred soonl after the third film wvas made.
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PLATE V
Casc D. M. The acetabular constriction is still present in the first film, thongh some wideninig
and rounding of the pelvis has already occurred. The puberal remolding is well advanced in the
second film anld. is practically completed in the third film. A final film, made when this girl was
17 years. 8 moniths old, showed that no further change in the shape of the superior pelvic aperture
had occurred, though in the interim there had heen a slight amount of symmetrical growth.
Tn this girl, lbreast development began duiring the 15-monith in.terval between her first aln(d
second examinationts. Her meniarche occurred two months after the third film was made.
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Case AM. M. The remolding of the pelvis was well advanced when the second film was made.
Note the small amiunt of symmetrical gr-owth between the third and fourth films.
In this girl the breast developmetnt began between the first two examinations and her first
menses began seveni weeks blefore the third examination.
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PLATE VII
Case R. M. In this case, the meniarche occurred about ten moiiths before the first film was
made. Note the small amount of change in the size and shape of the superior pelvic aperture
during the following 3 years, 5 months.
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PLATE VIII
Casc E. G. The mencilarche occurred about one year before the first film was made. The remold-
inig of the pelvis was apparently completed when the third film was made. Note the small amount
of change in the size and shape of the superior pelvic aperture during the subsequent 3V2 years.
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